Digital resources play an increasingly important role in academic libraries, which must demonstrate their value to the institution and their impact on student learning outcomes in new and more compelling ways. This study examines five years of vendor-supplied e-resource usage data in conjunction with other library and institution measures. Results are compared to major findings from other researchers, with examples of how e-metrics can be incorporated into a broader assessment of how the library is meeting the needs of its users.
INTRODUCTION
The increasingly important role of electronic resources and services in libraries is evident from even a cursory review of the professional literature, the blogosphere and conference presentations. If academic libraries in the web 2.0 world are indeed becoming "collaborators in a multimedia-rich, user-empowered, disintermediated free-for-all where their value will be proven only by demonstrably improving outcomes in learning, teaching, and research" (Wawrzaszek and Wedaman 2008, 2) , then academic librarians must demonstrate in new and more compelling ways how electronic resources contribute to the goals of their institutions. This requires moving beyond using e-metrics solely for collection management or budgetary decisions to exploring and validating the relationship between electronic resources and other measures of library and institutional outcomes. COUNTER standards, while not perfect, have developed to a point where trend analysis and benchmarking of e-metrics are both possible and desirable (Taylor-Roe and Spencer 2005; Best 2007; Conyers and Dalton 2007; Whitehead 2007) .
This study evolved from efforts at an academic library in a Master's I institution to track trends in electronic resource usage statistics over time through the use of constant data sets and to find innovative ways to use that data in communicating the value of the library to the administration. The literature review presents recent developments in academic library assessment and e-metrics research relevant to the study. Five years of vendor-supplied e-resource usage data are examined in conjunction with other library and institution measures. COUNTER metrics and ratios are compared to major findings from other researchers and discussed in light of the local setting. E-metrics data are then incorporated into a broader assessment of how the library is meeting the needs of its users by employing an adaption of Edward Tufte's sparklines. Implications for the future and suggestions for additional research are also provided.
LITERATURE REVIEW In 1998, the International Coalition of Library Consortia (ICOLC) produced guidelines that sought to provide a "common set" of data elements to be incorporated into both vendorsupplied and locally derived electronic resource usage data. The ICOLC guidelines launched a decade of efforts to define, validate, standardize, and analyze usage statistics for an increasingly complex and integrated universe of electronic resources. The Association of Research Libraries (ARL) took the lead in the U.S. with its E-Metrics Project, started in early 1999 (Miller and Schmidt 2001; ARL 2002; Shim and McClure 2002; ARL 2007) and followed by other studies of how ARL libraries deal with e-resource usage data (Beck 2003; Lakos 2007; Martell 2007) as well as the MaxData project (Tenopir 2005; Baker 2006; Tenopir et al. 2007 ) and related research (Baker and Read 2008) . The e-measures project launched in 2003 (Evidence Base 2007) and the National E-Journals Initiative, known as NESLi2 (Conyers 2006; Conyers and Dalton 2007) , have guided reporting and analysis of e-resources in academic institutions in the United Kingdom. Several monographs provide an overview of developments related to e-resource usage (Fowler 2004; White and Kamal 2006; Fowler 2007; Matthews 2007 (COUNTER 2008b) , 92 provide the JR1 report (successful full-text article requests by journal), 26 provide the DB1 report (total searches and sessions by database), and 41 provide the DB3 report (total searches and sessions by service). Two-thirds of vendors providing JR1 also provide the optional JR3 report (successful item requests and turnaways by journal and page type) and over one-third also provide the JR4 report (total searches by month and service). The ICOLC endorsed the COUNTER standards in March 2003 and again in its revised guidelines (2006) .
Although COUNTER has developed and gained acceptance in both the publisher and library worlds, researchers have noted a number of factors that may influence or are not reflected in quantitative e-resource usage data. These include how long a resource has been available (Townley and Murray 1999; Ferguson 2003; Kidd 2005) , the path a user takes to get to a full-text article (Duy 2004; Pesch 2004; Coombs 2007) , link resolver impact (Lorbeer 2005; Belvadi 2006; Brady, McCord, and Galbraith 2006; McDonald 2007; Yi and Herlihy 2007) , federated searching (Blecic, Fiscella, and Wiberly 2007; McDonald 2007) , print vs. online usage (King et al. 2003; Brady, McCord, and Galbraith 2006; McDonald 2006; Conyers and Dalton 2007; Cooper 2007) , the user's interaction with the resource (Conger 2007) , discrepancies in the number of "big deal" titles and titles included in usage data (Conyers and Dalton 2007) , the lack of open access usage data (Franklin and Plum 2006) , the value of the resource (Shim, Murphy, and Brunning 2004; Medeiros 2007) , and vendor interface (Davis and Price 2006) . Peters demonstrates this dual-edged aspect of e-metrics when he asserts in the same article that usage statistics "may not move us any closer to a clear understanding of real use of information than did gate counts and circulation statistics" and that they also "represent a huge opportunity to transform the profession. We may be able to systematically learn more about the online information seeking and usage patterns and needs of library patrons than we ever hoped to know about their use of physical libraries" (2002, 44, 46) .
Several studies indicate that the most common uses of e-metrics are for collection management and budgetary reasons. Shim and McClure found that almost two-thirds of ARL libraries "used electronic resource statistics to make electronic database subscription decisions" (2002, 228) . The top three uses of e-metrics by directors of academic libraries in Connecticut were related to purchasing decisions or justifying budgets (Abatelli 2007) . In a 2006 survey of 92 Carnegie I and II research institution library directors, the two most cited reasons for analysis of vendor-supplied usage data were subscription decisions (94%) and justifying expenditures (86 %) (Baker and Read 2008, 31) .
Full-time equivalent (FTE) student population is a common measure for academic institutions. Academic libraries use ratios of various measures per student FTE or combined student and faculty FTE in annual reports (ACRL 2004) , though rarely related to non-budgetary aspects of electronic resources. The EQUINOX Project included database sessions per member of the target population as one of fourteen performance indicators for electronic library services (Brophy et al. 2000) . Downloads per FTE per year is one of several key performance indicators for e-journals required by the Newcastle University Library (Taylor-Roe 2007). The NESLi2 project included full-text article requests per FTE in its analysis of publisher deals in academic libraries in the United Kingdom (Shepherd 2008a). Blecic, Fiscella, and Wiberly (2001) examined searches, sessions and downloads of discipline-specific resources in relation to the combined FTE faculty and instructional enrollments in the discipline and suggested that per capita use would be a more useful comparative benchmark among academic institutions than raw data.
The literature includes relatively few examples of academic libraries using e-metrics for purposes other than electronic resource collection management or budget decisions. Pesch (2004) and Anderson (2007) suggest that changes in usage data after instruction can serve as a measure of student learning. Usage data trends can inform marketing, promotion and instruction activities (Dubicki 2007) . Decreases in interlibrary loan requests may correspond to rising article downloads per year (Taylor-Roe 2007) or increased availability of e-journals (Loy 2007) . Usage data can be compared to qualitative data; Newberry (2006) cites one study that found the top 25% of high use databases coincided with highly valued databases. Brady, McCord, and Galbraith (2006) included gate count in their study of print and electronic journal use over three non-consecutive years but focused primarily on differences related to disciplines and link resolver data. As Anderson asserts, "the biggest challenge in maximizing the utility of e-serial usage data may be simply recognizing new opportunities for using this data" (2005, 22) .
Academic libraries must look beyond traditional input and output measures to those that will reflect and support the role of the academic library today, such as quality of service, customer satisfaction, and outcomes assessment (Covey 2005; Weiner 2005 ). For example, the increased emphasis on student learning in higher education forces libraries to incorporate userfocused qualitative performance measures in order to demonstrate their role in student learning outcomes (Dugan and Hernon 2002; Dalton and McNicol 2004) . Aligning library assessment with the needs and expectations of the institution's stakeholders is critical ( 
SETTING
Longwood University is a state-supported Master's I institution with an FTE student population of over 4,200 and growing graduate and online programs. From FY03-04 to FY07-08, overall student FTE increased 6%, graduate student FTE increased 40%, fall enrollment increased 11%, unduplicated headcount increased 22%, and faculty increased 21%. Online enrollment has more than tripled since the first course offerings in FY04-05.
The Janet D. Greenwood Library has 332,000 volumes and access to 18,000 electronic books, 30,000 full-text electronic journals, and over 150 electronic databases. Access to many of the full-text journals comes from VIVA, the state-funded consortium for public academic institutions in Virginia. With a relatively flat budget over the last ten years, the library has kept up with serials inflation and added new electronic resources and services primarily through reducing book acquisitions and using one-time and year-end funds to prepay known serials expenses.
The implementation of an information commons in fall 2004 resulted in a 25% increase in gate count, circulation and e-resource usage (Kocevar-Weidinger, Kinman, and McCaslin 2007) and was the first in a series of major changes at the Greenwood Library. In FY04-05, the library website was redesigned, electronic reserves were introduced, and interlibrary loan was automated with ILLiad. In FY05-06, the library added a link resolver and access to RefWorks. In spring 2007, the library implemented a federated search product and conducted its first LibQUAL+ survey. In spring 2008, a different federated search product was launched and promoted in conjunction with converting the library's research guides to the LibGuides system. At the same time, the information commons was expanded and reconfigured with more collaborative learning spaces.
RESEARCH METHODOLOGY This study examines five years of vendor-supplied e-resource usage data in conjunction with other library and institution measures. COUNTER-compliant metrics were available for over half of the resources; non-COUNTER data were equated to the closest approximate COUNTER metric. Monthly usage data were entered into a local Microsoft Access database as searches, sessions, and full-text downloads. Data for e-journal collections and publishers providing access to more than one journal were included at the aggregate database level. Monthly data were aggregated by year, defined as August through July to more closely approximate the academic year and allow for comparing data by academic semester as needed. Yearly statistics included in this study are referred to as fiscal year (FY) data.
Approximately 175 electronic resources (abstracting and indexing databases, databases and aggregators with some form of full text, e-journal collections, e-journal publishers offering access to more than one journal, and e-book collections) were available to Greenwood Library users during the five-year study period of FY03-04 to FY07-08. Resources that were available for at least two of the study years constituted the base set of 156 resources. At least one usage metric was available for two or more years for resources in the base set and formed the overall sample set of 118 resources. The distribution of abstracting and indexing (A&I) resources, fulltext databases, e-journal providers, and e-book collections in the sample set was similar to the base set, with slightly more A&I databases and slightly fewer e-journal providers. The base set included 83 resources with COUNTER-compliant usage data, 54,000 online journal titles (not de-duped), and 9,000 e-books. The sample set included 72 resources with COUNTER-compliant usage data, 46,000 online journal titles, and 2,000 e-books.
Only two-thirds (104) of the 156 resources in the base set were available in FY03-04. The number of base resources increased approximately 15% for the next three years as the library added databases and more vendors began providing usage data. Increases from one year to the next where all resources available in the given year are counted could be attributed to an assumption that more resources would naturally lead to more searches, sessions or downloads. While this is not an issue when comparing usage data for a single resource across time for purposes of collection management or budgetary decisions, it could mask patterns in longitudinal analysis of a group of resources.
Constant data sets were therefore created for resources with the same usage data available for five, four, three and two years (see Table 1 ). This allowed the author to compare usage of a controlled set of resources over time. Comparing a constant set of electronic resources over time may also prevent or limit known--and unknown--influences and inconsistencies in usage data from skewing the results. It should be noted that the constant data sets in this study did not account for changes in the number of full-text resources offered by a provider from year to year. Yearly totals were calculated for each data set and for each COUNTER metric or ratio shown in Table 1 . In FY03-04, data for only one constant data set was available. In FY04-05, totals were calculated for two constant data sets: the set of resources available for all five years of the study period and the set of resources available for four years of the study period. In FY05-06, totals were calculated for three constant data sets, and in FY06-07 and FY07-08, totals were calculated for all four constant data sets (see Appendix 1). Longitudinal trends were then compared across constant data sets.
Selected COUNTER metrics and ratios for the five-year data sets were graphed as a percentage of the highest value in the five-year period and compared to other library and institutional metrics graphed in the same way. These results are discussed in the section on EMetrics and Library Assessment.
RESULTS
From FY03-04 to FY06-07, the constant data sets increased in a similar stair-step pattern relative to one another for each of the three COUNTER metrics. Searches decreased slightly in FY07-08 for each data set in similar proportion to the previous years (see Figure 1) . Database sessions increased in FY07-08 with greater variation across data sets (see Figure 2) . The two-year data set increased less and the five-year data set increased more relative to the previous year's pattern. In FY07-08, full-text downloads jumped more than three times the average increase for the previous years, with the two-year data set increasing significantly more than the other data sets (see Figure 3) . The downloads per session ratio decreased consistently across constant data sets for the first three years (see Figure 4) . In FY06-07, the five-year data set had a slightly higher decrease relative to the previous year. In FY07-08 all data sets increased three-fold on average but with greater variation. In this case, the three-year and four-year data sets were the outliers, both increasing much more in relation to the other two data sets. The searches per session ratio was consistent across data sets for each year and for the first three years of the study (see Figure 5) . In FY06-07, all data sets decreased by approximately the same percentage, followed by a similar drop in FY07-08. A possible explanation for the unusually high increase in full-text downloads for the twoyear constant data set in FY07-08 (see Figure 3 ) may be found by looking at the resource level data. Academic OneFile was added to the library's databases in fall 2006 after the vendor split InfoTrac OneFile into Academic OneFile and General OneFile. All resources on the library's A to Z and databases by subject pages were sorted alphabetically. Since the library includes all of its major multidisciplinary databases on all subject lists, Academic OneFile became the first database in all lists on the library's web site. Full-text downloads from Academic OneFile increased more than six-fold from FY06-07 to FY07-08 and accounted for over 90% of the downloads for the three resources in the two-year data set. This, however, does not explain why downloads from Academic OneFile increased so much from the first to second year of availability. Academic OneFile was also a preferred full-text database for the library's link resolver and was included in all categories for both federated search products implemented during those two years.
Searches dropped slightly for all data sets in FY07-08 after four years of steady increase (see Figure 1) , while sessions (see Figure 2) and downloads (see Figure 3 ) increased each year for the entire study period. The searches per session ratio remained consistent for the first three years, ranging from 2.89 to 2.99 across data sets, and then decreased in FY06-07 and again in FY07-08 to an average 1.52 across data sets (see Figure 5 and Appendix 1). This confirms Blecic, Fiscella, and Wiberly's (2001) finding that the searches per session ratio is statistically more stable than either searches or sessions alone if no major changes occur in services or resources. In a later study, the same authors found that the search per session ratio tended to decrease and move toward 1.0 over the course of three years for resources included in federated searching (Blecic, Fiscella, and Wiberly 2007) . The Greenwood Library's first federated search product was introduced in FY06-07, followed by another in FY07-08 that was promoted more aggressively. A similar downward trend in the search per session ratio occurred during the last two years of the study period when the federated search products were introduced (see Figure 5 ). While not within the scope of this paper, an initial review of resources with four years of searches per session data reveals that the search per session ratio of the federated resources dropped an average of 23% from FY04-05 to FY07-08 and rose an average of 17% for the nonfederated resources.
Full-text downloads increased 50% more in FY07-08 for all data sets than in earlier years (see Figure 3) . Downloads per session increased sharply and unevenly across data sets in FY07-08 after four years of much lower gradual decreases (see Figure 4) . The Greenwood Library implemented a link resolver in FY05-06. By FY07-08 it had been configured for one-click to article capability and was more familiar to users. Full-text downloads for non-priority resources in the preferred display order configured in the link resolver decreased in the first link resolver year while priority resources accounted for most of the increase in full-text downloads for both years (Kinman 2008) . McDonald (2007) found a statistically significant increase in online journal article downloads after a link resolver was launched. Townley and Murray's (1999) oftcited finding that it takes 12 to 18 months for a resource to reach its full use, if applied to services, may partly explain the sharp increase in the download per session ratio. E-METRICS AND LIBRARY ASSESSMENT All libraries-academic, public, special, school-rely on their user communities for the support and funding that allows them to serve those users. Digital resources and services make up an increasingly greater proportion of what libraries offer to their users, and in some cases threaten to eclipse or replace the traditional library. Incorporating e-metrics more fully into other quantitative library measures will allow librarians to identify trends and raise questions about the interplay between various services and collections, questions that can then be further explored through qualitative assessments such as focus groups, surveys, and usability testing. It must also be a critical component of how libraries communicate their worth to their stakeholders.
Sparklines are data-intense graphics created by Edward Tufte (2004) to track changes over time and show overall trends as well as local detail in a simple, uncluttered design. Others have adapted the concept and developed software and plug-ins to incorporate sparklines into desktop publishing programs. Sparklines display trends in quantitative data for a single variable over time by graphing each data point as a percentage of the highest value, creating a visual that communicates more information more quickly than a table of numerical data.
The sparklines concept can be adapted to illustrate potential relationships between various library metrics (Kinman 2008) . A different color or pattern is used for each year so that one can see at a glance how the various metrics compare to one another for a given year or as a trend. Each gridline represents a 25% difference from the highest value for a given metric. Since change relative to the highest value is the common derivative for each metric, it is not necessary to account for differences in scale. However, numerical data may be provided to supplement the graphics.
The graphs in Figure 6 place selected e-resource usage data within the context of other library measures and institutional growth over the five-year study period. The five-year constant data sets are used for the e-metrics. FTE ratios are calculated for sessions and downloads to provide a more meaningful measure in relation to the institution (Blecic, Fiscella, and Wiberly 2001) and because sessions per FTE and downloads per FTE are key indicators in academic libraries in the United Kingdom (Brophy et al. 2000; Taylor-Roe 2007; Shepherd 2008a) . The searches per session ratio is used because of its demonstrated stability over time (Blecic, Fiscella, and Wiberly 2007) . Appendix 2 provides the numerical data for the graphs. Discussion of how these graphs may be used to raise questions and identify trends, both for internal library assessment and communication with institutional administrators, follows.
The increase in the use of Greenwood Library services and resources over the five years from FY03-04 to FY07-08 exceeds the much smaller increments in FTE over the same period. The sharp increases in gate count and circulation in FY04-05 coincide with the launch of the library's information commons in fall 2004 (Kocevar-Weidinger, Kinman, and McCaslin 2007) . The gate count and information center count continued to increase, as did two measures of usage of electronic resources (downloads per FTE and sessions per FTE), indicating that use of both the physical library and the virtual library is steadily rising. Use of the physical space is confirmed in the 2007 LibQUAL+ finding that 77% of undergraduates use the library building at least daily or weekly.
The 25% decrease in questions recorded at the reference and information center desk from FY04-05 to FY06-07 does not follow the same pattern. More students are coming into the information commons area and using the library's electronic resources, but they are asking fewer questions. Is the increase in questions in FY07-08 related to the online chat reference service that is perceived to be very popular with students? Are there fewer reference questions (as a subset of total questions shown in the graph) because the link resolver makes it easier and more seamless to move from citations to full text, or because users are not comfortable asking for help? LibQUAL+ results indicate a high level of satisfaction with how the library teaches users to locate, evaluate and use information. What will the institution-wide information literacy assessment program being developed reveal about how well students are applying that selfascribed knowledge? Graduate and online enrollment have risen over the past three years. Many of the graduate students are working adults who do not live near the university, and both of these groups rely heavily on electronic resources and services. How much of the increase in use of electronic resources and interlibrary loan, which includes document delivery for distance education students, can be attributed to graduate and online students? Are the needs of this group being met?
The addition of electronic search and discovery tools such as the link resolver, federated search, and ILLiad has cut into the library's relatively flat budget over the past five years. Are these tools leading to increased use of the electronic resources which constitute an increasingly higher percentage of the library's acquisitions expenditures? Interlibrary loan requests, sessions per FTE and full-text downloads per FTE were close to or more than 50% higher in FY07-08 than in FY03-04, and the searches per session ratio is moving toward 1.0 as expected with the implementation of federated searching (Blecic, Fiscella, and Wiberly 2007) . Closer examination of link resolver usage and database-level data may provide additional insights.
Circulation has maintained the increase after FY03-04 when the information commons was created. The library is purchasing fewer than half the number of monographs from five years ago. A closer look at circulation by item type reveals that book circulation increased over 50% in FY04-05 and despite slight decreases in subsequent years showed a healthy 42% increase from FY03-04 to FY07-08. Circulation of audiovisual materials, popular with students in this smalltown, residential campus, increased more but follows a similar pattern after the initial jump in FY04-05. Accesses of electronic reserves, which include persistent links to online journal articles where permitted by license terms, have increased 60% since being implemented in FY05-06.
The Greenwood Library has long been and continues to be a net lender for interlibrary loans. However, that gap is narrowing. Lending is gradually decreasing and borrowing has maintained the 50% increase experienced in FY05-06 when a new link resolver coupled with ILLiad provided an easy way to place interlibrary loan requests online. Full-text downloads per FTE rose steadily for four years and then jumped almost 50% in FY07-08. This would appear to contradict Taylor-Roe's (2007) finding that decreases in interlibrary loan requests may correspond to rising article downloads per year. What questions need to be asked in this case?
The preceding discussion illustrates how comparative sparkline-type graphs can help librarians see connections between services and raise questions for further assessment. These graphs, combined with actual data if desired, can provide administrators with a fuller picture of library services and resources through a simple, visual representation of trends. While the data does not conclusively prove the value of the library to the institution, the graphs provide a powerful visual to support the library in its requests for funding.
CONCLUSION AND IMPLICATIONS FOR THE FUTURE
As with any statistics, the choice and representation of data can hide or overemphasize aspects of the truth. Usage data is imperfect and cannot tell us everything we want to know about how users interact with electronic resources. However, we cannot afford to wait until we have "almost perfect" data to make e-metrics a more integral part of overall library assessment. We must, as Covey urges, "settle for good enough data to get the job done" (2005, 84) .
The constant data sets used in this study were time-consuming to create and maintain at the database level in a medium-sized library. Additional research is needed to determine the validity of constant data sets. Are e-resource usage metrics and ratios that use constant data sets for longitudinal analysis statistically more reliable than metrics and ratios that use actual counts for all resources available in a given year? If so, is this approach scalable to larger libraries, and would it help address "the true difficulty [which] lies in integrating reports across years," especially for journals (Henle and Cochenour 2007, 17) ?
Progress is being made with standards and protocols for recording and managing electronic resource usage data. Release 3 of the COUNTER code of practice addresses, among other things, separate journal archives and federated searching (2008a). The COUNTER standards offer great promise to smaller libraries for whom vendor-supplied data is often the only viable source of electronic resource usage statistics. Vendors of electronic resource management systems and usage data services should work with librarians to incorporate mechanisms to make it easier to extract meaningful data. For example, the ability to track in one place how and when each electronic resource changed in relation to federating searching, priority in link resolver results, position and relative importance on the library website, number of e-journals or e-books in a collection, and availability of COUNTER data would have made the data analysis in this study less tedious. As Blecic, Fiscella, and Wiberly note, "the potential for different innovations to interact increases the complexity of interpretation of use statistics" and necessitates keeping careful records of innovations (2007, 40) as well as other activities such as marketing and instruction that could have an impact on e-resource usage.
At the same time, librarians must continue to study the relationships and interactions of electronic resources and services to determine what conclusions are valid. Just as Weiner (2005) explored the relationship between academic library services (reference transactions, bibliographic instruction sessions, and participants in group presentations) and FTE, researchers must determine what, if any, electronic resource and FTE ratios are reliable usage indicators. Coming to a consensus "as to what constitutes acceptable or adequate amounts of usage" must be related to and accompanied by benchmarks and data for peer institutions with similar collections (Best 2007, 200) .
The demand for accountability in higher education today challenges libraries to demonstrate their impact on student learning through both qualitative and quantitative assessment. Electronic resources are an integral part of a 2.0 world where "investment in digital resources, or in access to information resources that are not housed or hosted locally, will be the primary means of providing information to an academic community" (Wawrzaszek and Wedaman 2008, 5 ). E-metrics will continue to play an important role in collection management and budgetary decisions. However, e-metrics must also be increasingly incorporated into overall library assessment measurements that demonstrate how the library contributes to institutional goals. Academic librarians who manage electronic resources and services must continue to ask questions, look beyond e-metrics to a broader assessment picture, and share how they are using e-metrics in their institutions.
